BECAUSE EVERY CELLULAR FUNCTION is integrated directly or indirectly with every other, it is the webs of often highly evolutionarily conserved protein-protein interactions that define the cell (3). Maintenance of structure-function relationships is then prerequisite for cellular life, and these relationships dictate exquisite control of volume by most differentiated cells (7). It is the perception of the disruption of some aspect of cellular composition (e.g., ionic strength) or structure that serves as the initiating signal for regulatory volume decrease or increase (RVD or RVI, respectively). To offset volume change, an osmotic driving force across the plasma membrane is required that must be generated in animal cells by change in total solute concentration. Ideally, the solutes changed are not required for stability of other vital cellular functions. The ␤-amino acid taurine is a ubiquitous cellular organic osmolyte that is used to adjust volume in a wide array of cell types and species. It can be accumulated to very high concentrations in many cell types (10 -100 mM) but is not a protein component (1, 7). Although it participates in many important cell functions, perhaps most important is its role as osmotic "ballast." Taurine assumes this role in blood-brain barrier, mammary gland, retina, keratinocytes, brain development, memory, and, of course, red blood cells. There is great clinical interest in its role in volume control due to possible links to disturbances in cell volume brought on by elevated extracellular glucose, as in diabetes mellitus. Clinical complications of this disease have been frequently linked to altered taurine metabolism, resulting in retinopathy, neuropathy, nephropathy, cardiopathy, altered platelet aggregation, endothelial dysfunction, and atherosclerosis (1).
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Understanding cell volume regulation is complicated by the wide variety of ways in which different cell types and different species translate the osmotic perturbation into plasma membrane responses. Stepwise assembly of in-depth information is required, and in this issue of the American Journal of Physiology: Regulatory, Integrative and Comparative Physiology, Musch and Goldstein (4) provide another part of the puzzle interrelating volume regulation, taurine-protein associations, and cell signaling patterns. These authors have built upon the extensive use made of fish (elasmobranch and teleost) erythrocytes as model systems for study of cell volume regulation. In an impressive series of studies (see Ref. 6), they and their colleagues have used skate erythrocytes (an elasmobranch, Raja erinacea) to demonstrate volumeactivated taurine efflux, identified multiple red cell anion exchangers, determined second messenger roles in their activation, shown effects of volume expansion on oligomerization of skate anion exchanger 1 (skAE1), established altered associations of this exchanger with ankyrin and band 4.1, as well as examined the effects of protein tyrosine kinase activation and inhibition on the capacity for RVD. The extensive characterization of the RVD and taurine's role in skate erythrocytes is providing an overall picture of this important cellular phenomenon.
The RVD evoked by hypotonicity in many cell types involves rapid efflux of K ϩ and Cl Ϫ , as well as osmolytes such as taurine. The solute efflux pathways may be made available by phosphorylations, subunit associations of existing plasma membrane transporters, and exocytotic insertion of submembrane vesicular transporters into the plasma membrane. The dominant substrate used by skate erythrocytes for RVD is taurine. The taurine efflux pathway elicited by decreased ionic strength in these cells is sensitive to anion-exchange inhibitors, and when the cloned skAE1 is expressed in Xenopus oocytes, it behaves similarly to the taurine osmolyte channel in hypotonically stimulated skate erythrocytes (2) . Under isotonic conditions, only a small fraction of the skAE1 is expressed on the plasma membrane extracellular surface of skate erythrocytes; a large part of the remainder is cytosolic in nonionic detergentinsoluble regions, so-called lipid rafts (5) . During hyposmotic cell expansion, these appear at the plasma membrane surface with skAE1 in a highly tyrosine-phosphorylated state and largely organized as tetramers with increased binding to ankyrin and decreased binding to band 4.1 membrane scaffolding proteins (6) .
The order of progression of the biochemical changes in skAE1 initiated by hypotonicity is unknown. In their most recent paper, Musch and Goldstein (4) have examined these events following inhibition of tyrosine kinase p72 syk . Piceatannol is a relatively specific inhibitor of this kinase and has allowed the determination of whether all or part of these events respond to tyrosine phosphorylation. Volume-activated formation of skAE1 tetramers and the transition of exchanger to lipid rafts were unchanged by inhibition of p72 syk ; however, tyrosine phosphorylation was associated with decreased binding of skAE1 to band 4.1 and increased binding to ankyrin. The results lead the authors to hypothesize that an early step in mediation of taurine efflux by skAE1 is movement to the plasma membrane. Formation of AE1 tetramers may provide a key step in efflux pathway formation, but there is no indication of the position of this conversion in the progression of events. Future studies are to focus on the role of tyrosine kinase-controlled alterations in binding of skAE1 to ankyrin and band 4.1. Alteration of these associations may allow skAE1 to reorganize in lipid raft regions of the membrane.
